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‘‘Disease exists, if either sleep or watchfulness be
excessive’’ Hippocrates, Aphorism LXXI.
The above quote of Hippocrates dates back more than
2,000 years and demonstrates that a connection between
sleep and health has long been recognized. Psychiatric
disorders are no exception, with abnormal sleep patterns
manifesting in nearly all mental disorders. The importance
of sleep in psychiatric disorders can be seen in the incor-
poration of sleep in the diagnostic criteria for many dis-
orders (classified according to the DSM 5 [1] and ICD-10)
and applicable not only to adults, but also children and
adolescents. More recently, the NIMH based research
domain criteria (RDoC) initiative, which hopes to develop
‘‘… new ways of classifying mental disorders based on
dimensions of observable behavior and neurobiological
measures’’, has named sleep (within arousal/regulatory
systems) as one of five research domains, further high-
lighting the importance of sleep in future research and
intervention in psychiatry [2].
Altered sleep patterns in psychiatric illness take varying
forms, but are outwardly apparent to patients and clinicians
under the umbrella term ‘‘disrupted sleep’’, which includes
difficulty falling asleep, staying asleep, waking too early,
ill-timed sleep, interrupted or non-restorative sleep and
daytime sleepiness. Subjective complaints of troubled sleep
by patients have been confirmed using objective and
physiological measures of sleep. In a meta-analysis of sleep
in adults with psychiatric disorders, Benca and colleagues
[3] found that individuals in most psychiatric diagnostic
categories, ranging from mood disorders to schizophrenia,
showed signs of disrupted sleep. For example, over 80 %
of depressed patients complain of difficulties falling or
staying asleep. Furthermore, the magnitude of sleep prob-
lems is often linked to disease severity and, importantly,
quality of life [4], making sleep an important therapeutic
target for improving overall well-being.
Despite the prevalence of sleep disruption in psychiatric
illness, the precise mechanism(s) of the interaction remains
unclear. Recent evidence suggests that this comorbidity
may in part be due to common pathways and mechanisms.
For example, several genes, intimately involved in the
generation and regulation of circadian rhythms and sleep,
have been linked to mental illness and vice versa [5–8].
Furthermore, psychiatric disorders are often associated
with abnormal brain functioning—from neurotransmitter
signaling to cortical network connectivity. As sleep is a
complex state, dependent on efficacious brain functioning
on multiple levels (e.g., neurotransmitters to networks), the
fact that many psychiatric disorders are accompanied by a
sleep phenotype is to be expected [9]. Thus, the aberrations
in cortical functioning underlying psychiatric illness may
also manifest as disrupted or irregular sleep.
Much of the work regarding sleep in psychiatric popula-
tions has focused on adults; however, psychiatric disorders in
childhood and adolescence are just as, if not more, important.
For one, many psychiatric disorders have their peak onset
during adolescence [10]. Some have speculated that this may
be due to the neurobiological changes that occur during
adolescence. The most striking among these is a significant
cortical restructuring during which cortical grey matter
volume plummets concurrent with an increase in white
matter volume [11]. Furthermore, symptom persistence in
mental disorders is higher during adolescence than during
adulthood, and early onset of psychiatric illness seems to be
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associated with marked and often persistent functional
impairment as well as increased mortality [12, 13].
Against the background of cortical remodeling and
changes in behavioral, social, emotional and cognitive
function that occur during adolescence, sleep physiology
and behavior also undergo significant transformation. With
regard to sleep physiology, one of the most readily obser-
vable changes is a decline in low-frequency, high-ampli-
tude waves referred to as slow wave or deep sleep [14, 15].
The decline in this measure has been hypothesized to
reflect the decline in cortical grey matter volume observed
in this developmental period [16]. Notably, the topographic
distribution of this measure over the brain has been shown
to be altered in a number of psychiatric disorders in
childhood and adolescence and may be a promising mea-
sure for detection and early intervention [17].
Concurrent to the changes in sleep physiology is a
behavioral truncation of sleep duration across adolescence
driven by later and later bedtimes, while rise time stays the
same or is even earlier due to school schedules [18]. The
later bedtimes are driven in part by changes in the bio-
logical systems that regulate sleep and manifest as a pref-
erence for later bedtimes in more mature adolescents
(reviewed in [19]). Working together with the biological
changes, are the evolving social environment and roles
prescribed for teens, which further encourage later bed-
times. Such environmental changes include increased
independence, socializing with peers at night, extracurric-
ular activities (e.g., sports, part time jobs, etc.), increased
exposure to media (e.g., computers, tablets, smart phones,
television) and consumption of caffeinated drinks. Despite
the later bedtimes and shorter sleep duration with each
passing year, studies suggest that the amount of sleep that
adolescents ‘‘need’’ does not change and optimal number
of hours is between 8.5 and 9.5 h [20]. However, a poll of
1,600 American teens showed that sleep duration declines
from 8.4 h at around age 12 years to 6.9 h at age 18 years
[18]. This trend of declining sleep has been found in most
other countries studied, including many European countries
(reviewed in [21]).
With regard to mental health, this declining sleep
duration during adolescence is of concern. Numerous
studies have shown the negative impact of an acute sleep
restriction on mood [22], anxiety [23], attention [24],
cognitive performance [24] and decision-making in other-
wise healthy individuals. The long-term effects of such a
volitional truncation in sleep duration remain unknown, but
short sleep duration has been prospectively linked to the
onset and persistence of psychological distress in young
adults [25] and behavioral problems in children [26]. Fur-
thermore, short sleep has been shown to predict excessive
weight gain and obesity [27, 28].
In addition to the behaviorally induced decline in sleep
duration, problems falling and staying asleep also emerge
during adolescence. For example, the National Sleep
Foundation poll found that 26 % of adolescents between
the ages of 12 and 18 had a delayed sleep onset (30 min of
more) and 31 % reported having difficulty staying asleep
at night on one occasion or more in the last 2 weeks [18].
This disrupted sleep is of concern as it may be a marker of
vulnerability for the development of psychiatric disorders.
Indeed, numerous studies conducted in various countries
using different methodologies have found an association
between disrupted sleep and suicidal ideation, suicide
attempts and completed suicide [29–33]. In fact, distur-
bances in sleep duration, timing and quality are com-
monly reported to precede the onset of many psychiatric
disorders and may be a useful predictor of future psy-
chiatric problems particularly in youth [34]. To summa-
rize, based on the current literature, it appears that
disrupted sleep may be a marker of a pre-existing vul-
nerability, while the behaviorally induced sleep restriction
that many adolescents put themselves through may con-
tribute to the development or exacerbation of mental
disorders in adolescents. Thus ensuring adequate and
restorative sleep may be a preventive measure to increase
resilience in this age.
Fortunately sleep behavior is modifiable and several
therapeutic approaches exist. For one, patients will benefit
from education regarding proper ‘‘sleep hygiene’’ which
entails stabilizing sleep/wake rhythms by going to bed and
waking up at the same time each day and avoiding naps.
Furthermore, nighttime activities play an important role in
sleep hygiene and quality. For example, teens should avoid
activities that are arousing or stressful, such as checking
social media right before bed. This is indeed a problem as
55 % of teens between the ages of 15–18-year-olds surf the
web and 56 % send or receive text messages almost every
night of the week within an hour of going to bed [35]. In
addition to being arousing, use of electronic media at night
exposes teens to bright light, which sends an arousing cue
to the brain, interfering with sleep onset and maintenance.
Thus teens can benefit from taking cell phones out of the
bedroom at night and restricting computer and television
use in the hour before bed.
In addition to good sleep hygiene, an established liter-
ature points to the efficacy of cognitive behaviour therapy
for insomnia (CBT-I) in adults [36–38]. CBT-I consists of
several behavioral techniques and setting achievable
expectations about sleep (e.g., it is ok not to sleep for 8 h a
night) to normalize sleep–wake behavior. Despite the fact
that most youths and their parents favor psychotherapy
over pharmacotherapy [39], and that CBT appears to be
superior to sleep medication in the long term [37, 40],
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outcome literature on youth insomnia treatment is limited
and desperately needed.
Given that improving sleep is possible, clinicians should
initially assess whether sleep is a problem in their patients
and consider treatment of sleep problems as an adjunct to
therapy to improve outcomes, particularly in depression
and bipolar disorder [41]. Assessment of sleep can take a
variety forms. The most basic diagnostic method is the
sleep log in which patients record what time they went to
bed, woke up, and how often they woke in the night. The
sleep log provides a more specific and accurate estimate of
the reported sleep disturbance than global reports. Actig-
raphy, an indirect measure of sleep–wake by means of
motion monitoring, can also be a helpful tool in assessment
of patients [42]. Modern devices are sleek bracelets that
can be integrated easily in everyday life and patients can
synchronize their data with smart phone applications that
give feedback in real time. These methods can be used to
measure not only the extent of sleep difficulties, but also
assess the impact of medication and therapy on sleep pat-
terns. They can also help patients understand how their
sleep impacts their daytime mood and wellbeing. Finally,
successful treatment of youth insomnia may improve out-
comes in other domains as well including improved edu-
cational attainment, reduced school dropout rates and
improved classroom performance [43]. Therefore, the
treatment of sleep disturbances might also improve public
health in general.
Despite the significant progress that has been made in
understanding the role of sleep in psychiatric disorders,
many questions remain unanswered. For example, more
research is needed to understand how the chronic behav-
ioral shortening of sleep in adolescence impacts long-term
mental health, particularly in teens with a pre-existing
vulnerability. Such paradigms require longitudinal moni-
toring of sleep using objective measures, such as actigra-
phy, rather than questionnaires at a single time point.
Furthermore, sleep is a unique time to examine brain
activity unperturbed by factors which impact waking
measures (e.g., attention and motivation). Thus the search
for biological markers that precede the onset of a psycho-
logical disorder may be more fruitful in sleep than in
waking. Finally, randomized controlled trials should
examine the efficacy of sleep related interventions in
improving mental health outcomes in teens with psychiat-
ric disorders.
Given the predominance of sleep problems in children
and adolescents with psychiatric disorders, clinicians and
parents should work together to stabilize sleep/wake pat-
terns to improve outcomes. Here we have highlighted the
role of sleep in psychiatric disorders, some of the factors
that contribute to disrupted sleep in adolescence, and
methods that can be used to positively impact sleep.
Adolescence is a period of vulnerability and opportunity.
By intervening and protecting sleep in this critical devel-
opmental period we may be able to impact a host of
domains, including mental health, cognition, a healthy
weight and promote an overall sense of well-being. After
all, humans spend a significant portion of their time
sleeping, and we are only beginning to uncover the benefits
of sleep for the mind and body.
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